ABSTRACT: Drift algae are an important food resource for many intertidal marine invertebrates. This study quantifies the arrival rate of drift kelp on the intertidal zone of central Chile and analyses its nutritional role in maintaining populations of the sea urchin Tetrapygus niger. The analysis was based on stomach contents and on stable isotope ratios of the food and the sea urchin. Gonad development was also evaluated. Lessonia nigrescens was the kelp most commonly observed, and its arrival pattern showed both temporal and spatial variation. The highest levels of drift kelp occurred in late spring, early summer and part of the autumn. Lessonia spp. were the most important food of T. niger, comprising 68% of the diet, and most of the assimilated carbon came from this source. The availability of drift kelp influenced gonad development. Trophic subsidies such as drift kelp are clearly important to intertidal animals of temperate ecosystems and have effects at different levels of biological organization. Two alternative scenarios of community organization are proposed for tidepools, depending on drift kelp availability.
INTRODUCTION
The production of detached brown macroalgae and their arrival on the intertidal zone are processes which exhibit temporal variations as a consequence of different biotic and abiotic factors, e.g. water movement (Gerard 1976 , Harrold & Reed 1985 , Tegner & Dayton 1987 , 1991 , Dayton et al. 1992 . Most macroalgae drift to rocky or sandy beaches, where they become important energy sources for invertebrates (Inglis 1989 , Bustamante et al. 1995 .
Drift algae represent the most important food for many marine species such as polychaetes (e.g. Magnum & Cox 1971) , limpets (e.g. Bustamante et al. 1995) , abalone (e.g. Tutschulte & Connell 1988) , sea urchins (e.g. Castilla & Moreno 1981 , Dayton et al. 1984 , Harrold & Reed 1985 and seastars (e.g. Gerard 1976 ).
Despite this, the consequences of consumption of this resource for populations and/or communities have been little explored. Dynamics of some food webs depend on trophic subsidies (Polis et al. , 1997 . On sandy beaches, detached macroalgae can represent a fundamental organic contribution to many consumers, e.g. amphipods (Duarte 1974 , Inglis 1989 . After decomposition by microbes and abiotic fragmentation, part of the energy of drift macroalgae is eventually incorporated into the interstitial trophic chains of these environments (Inglis 1989) . Some studies have highlighted the importance of detached macroalgae to secondary production in marine habitats (e.g. high biomass of limpets, Bustamante et al. 1995 ; large size of polychaetes, Kim 1992; abundance of non-urchin megafauna and fishes in submarine canyons, Vetter & Dayton 1999) or terrestrial systems (e.g. high density of spiders; Polis & Hurd 1995 , Anderson & Polis 1998 . These works emphasize that changes in abundance, size and/or biomass of consumers could indicate how consumption of drift macroalgae would trigger changes in the structure of a community. Eating detached macroalgae could also modify reproduction, and therefore population and/or community patterns. Development of gonads in some sea urchins is limited by the quantity and quality of food available (Russell 1998) , which in many cases corresponds to drift algae.
The sea urchin Tetrapygus niger is a conspicuous arbacioid occurring on the temperate south Pacific coast from the intertidal zone to 40 m depth (Larraín 1975) . This urchin mainly consumes turfing algae (Contreras & Castilla 1987) . Moreover, it has been considered unable to use drift algae as an important food item because it lacks the morphological structures necessary to capture this kind of resource (Vásquez 1986 , Contreras & Castilla 1987 . Vásquez (1993) has, however, suggested that this morphological deficiency could be overcome, in part, through the aggregation of individuals, which increases the probability of retaining drift material among spines. Some populations of this species are not found in the field together with those algae most commonly found in their diets, suggesting that T. niger could eat drift material (Roa 1990) .
The arrival of drift kelp on the coast and the availability of this resource to intertidal consumers have received little attention in temperate environments. In the present study, the spatial and temporal patterns of arrival of drift macroalgae on the temperate coast of central Chile were recorded and the availability of this resource to intertidal populations of the sea urchin Tetrapygus niger was estimated. The effect of the consumption of drift kelp on the production of gonads was also investigated. The importance of shifting from eating benthic algae to eating drift kelp is discussed.
MATERIALS AND METHODS
Arrival of drift kelp in intertidal habitats. The amount of kelp arriving was measured at 3 sites on the central Chilean coast: 2 near Punta de Tralca (33°35' S, 71°42' W) and 1 near El Tabo (33°27' S, 71°38' W). One of the sites near Punta de Tralca is a bay characterized by a kelp forest of Lessonia trabeculata in the shallow subtidal zone. This site (PTp) has calm water for most of the year. In contrast, the second site near Punta de Tralca, in the south of the bay (PTse), has no subtidal kelp forest and is subject to intense surge for most of the year. The site near El Tabo (TNse) has a small shallow kelp forest of Macrocystis pyrifera and has a strong surge similar to that at PTse. L. nigrescens was observed in the low intertidal zone at every site.
Three permanent quadrats of 100 m 2 (i.e. 10 m per side) were established between the high and low tide limits at each site. The quadrats were sampled once a month from May 1996 to April 1997, with the exception of August 1996 and February 1997 when tide, waveaction and other environmental conditions prevented it. At each time, the drift kelp found in quadrats was weighed and then discarded.
In order to compare the total average biomass of drift macroalgae deposited at Punta de Tralca and El Tabo, at the sites with and without kelp forests, or with different wave-action levels, 1-way factorial ANOVAs were performed. Likewise, to compare the total average biomass of drift kelp deposited in different months, 1-way repeated-measures ANOVAs were carried out. In some cases a Fisher's PLSD test was used as an a posteriori test (Sokal & Rohlf 1995) . The different factors were separately analyzed because the sampling design prevented a simultaneous consideration of all of them.
The amount of drift kelp was also measured in 8 tidepools selected from 3 localities on the central Chilean coast: Las Cruces (33°30' S, 71°30' W; hereafter LC 1 , LC 2 , LC 3 and LC 4 ), El Quisco (33°23' S, 71°42' W; hereafter EQ 1 ) and El Tabo (hereafter ET 1 , ET 2 and ET 3 ). Tidepools were chosen taking into account the location in the rocky intertidal zone (medium or low intertidal), the presence of a sea urchin population of Tetrapygus niger and the absence of kelp species attached to rock. The surface area and volume of each pool were calculated (they varied from 3.6 to 19.7 m 2 and from 2.3 to 15.8 m 3 respectively), and the density of T. niger was estimated in random 0.25 m 2 quadrats or by dividing the total number of individuals by the surface area of the pool (it varied from 2 to 85 ind. m -2 ). Tidepools were sampled every 45 d from June 1997 to April 1998. At each time, drift kelp was weighed and discarded.
Availability of drift kelp to intertidal sea urchins. The ability of Tetrapygus niger to retain fronds deposited in tidepools was experimentally estimated. For this, Lessonia nigrescens fronds, previously marked with coloured cords, were introduced in the same 8 intertidal pools described above. The average wet weight of fronds introduced in pools was 355.5 ± 19.7 g. After 24 h, the biomass of fronds found under the bodies or among the spines of sea urchins was quantified.
In order to estimate the availability of drift kelp per individual (DKA, g ind.
-1 ), the biomass of fronds deposited in each tidepool was divided by the number of sea urchins. To determine if the availability of drift kelp was sufficient or insufficient to feed the sea urchin populations of tidepools, the DKA was contrasted with the daily individual consumption rate of Tetrapygus niger. This was estimated using the feeding preference data obtained by Roa (1992) . No differences in diet were observed among years. All tidepools were dominated by green (Ulva spp. and Enteromorpha spp.) and calcareous crustose algae and were characterized by the absence of attached brown macroalgae. Likewise, in all pools Lessonia nigrescens was the main drift species (> 80% of total drift macroalgal biomass). The diet of 22 adult sea urchins (average TD 62.5 ± 5.8 mm) collected during late autumn 1997 from low intertidal areas of Punta de Tralca (PTse) was also studied. This site was dominated by calcareous crustose algae.
Diet was analysed using the method described by Castilla & Moreno (1981) and Vásquez et al. (1984) . Each gut content was standardized to 60 ml with formol saline. Subsamples of 5 ml were taken from each sample and placed in a petri dish (diameter 5 cm) with 36 intersection points on it. The items observed at the intersection points were identified to the lowest taxonomic level. The analysis continued until at least 50 intersections with material were recorded. The relative abundance of each food item was described with respect to the total number of intersection points analyzed in each tidepool (R a , %).
Analysis of stable isotope ratios of carbon and nitrogen. Samples of different algae and Tetrapygus niger were collected from tidepools at Las Cruces (LC 1 and LC 3 ) and El Tabo (ET 1 ) and from the low intertidal zone at PTse. The muscles of the Aristotle's lantern were extracted. Samples were washed with distilled water and dried at 60°C to constant weight (48 to 72 h). The dry samples were ground and sent to Geochron Laboratories (USA) for stable isotopic analysis (McConnaughey & McRoy 1979 , Rau et al. 1983 , Rounick & Winterbourn 1986 .
The isotopic value of each sample was calculated using the formula:
where δX = δ 13 C or δ 15 N and R = 13 C: 12 C or 15 N: 14 N. The nitrogen and carbon standards were the air and PDB (Pee Dee Belemnite) respectively. The spectrometer precision for each isotopes was close to ± 0.08 ‰. The precision of the total method (i.e. preparation and analysis) was close to ± 0.4 ‰ for nitrogen and ± 0.3 ‰ for carbon. Ten percent of samples and suspicious results were replicated.
The natural fractionation index for the trophic level of herbivores was estimated from the nitrogen and carbon stable isotope values of Lessonia nigrescens (primary producer) and Scurria scurra, a limpet that uses L. nigrescens as its main food resource (Muñoz & Santelices 1989) . The fractionation was 2.7 and 5.0 for nitrogen and carbon respectively. These values were used to correct the stable isotope values of sea urchins and to contrast them with those obtained from the different food sources, i.e. algae.
The species of algae from El Tabo (Gelidium spp., Ulva spp. and Lessonia nigrescens) showed values of nitrogen and carbon stable isotopes larger than those from Las Cruces and Punta de Tralca. Therefore, data from this locality were analyzed separately. It is likely that the productivity and the hydrodynamic environment, both of which affect fractionation, were responsible for the results at this locality (Simenstad et al. 1993) . The algae of the same species from Las Cruces and Punta de Tralca were pooled. The same was done with the green algae Ulva spp. and Enteromorpha spp., which showed similar values in all localities.
Drift kelp and development of gonads. The effects of eating drift kelp on the gonads of Tetrapygus niger were evaluated during early spring 1998 in 4 tidepools at Las Cruces (individuals reach the peak of gonad maturity during late winter and spawn during spring, see Zamora & Stotz 1993) . All tidepools were dominated by green (Ulva spp. and Enteromorpha spp.) and calcareous crustose algae. Two of them, however, had no drift kelp throughout the study (LC 1 and LC 4 ) while the others always had this resource (LC 2 and LC 3 , see Fig. 2 ). After collection, the test diameter of individuals and the wet weight of gonads were measured.
Data were ln-transformed, and an ANCOVA was performed to compare the wet weight of gonads in sea urchins from tidepools with high and low availability of drift kelp, considering the ln(test diameter) as the covariate. They were also compared to those obtained from sea urchins collected during early spring from the low intertidal zone of PTse, a site widely dominated by calcareous crustose algae and a low presence of drift kelp. A slope homogeneity test was carried out for each ANCOVA (Sokal & Rohlf 1995) but no significant differences were detected (p > 0.3 in both cases). When necessary, the Bonferroni method was used as an a posteriori test. Taking into account that gonads are absent in sea urchins until they reach a given size, a fitted allometric equation was used to determine the relationship between the wet weight of gonads and the size of individuals (Russell 1998) . This equation takes the form y = α(x-γ) β , where y = wet weight of gonads, x = test diameter, and γ = test diameter at which sea urchins start to develop gonadal tissue (ca. 25 mm in the case of T. niger).
RESULTS

Arrival of drift kelp and availability to sea urchins
The results show that drift kelp was constantly arriving on the intertidal zone of the central Chilean coast (rocky substratum and tidepools). The species most commonly found was Lessonia nigrescens, representing 72 to 74% of the total biomass. It was followed by Lessonia trabeculata, representing 20 to 22%, and Macrocystis pyrifera, representing 5.8 to 6.8% of the total biomass.
The average biomass of drift kelp was significantly different at the 3 study sites (F = 39.3, p < 0.05) (i.e. high inter-site variability) and showed important variations among neighbouring quadrats (i.e. high intra-site variability, especially TNse) (Fig. 1) . The highest levels of drift kelp were observed at PTp with averages ca. 340 g m -2 (Fig. 1) . Arrival of drift macroalgae at this site was significantly higher than arrival at TNse, in spite of the presence of a subtidal forest at both sites (F = 23.1, p < 0.01). TNse showed an average biomass of drift kelp ca. 112 g m -2 ( Fig. 1) , which was significantly higher than average biomass at PTse (4.1 g m -2
), in spite of both sites presenting similar wave-action intensities (F = 11.9, p < 0.01) (Fig. 1) . The residence time of drift macroalgae was related to the wave-action level at sites (high at PTp and low at PTse and TNse; data not shown). A high inter-and intra-site variability in the arrival of drift kelp was also observed in tidepools (Fig. 2) .
The amount of drift macroalgae observed every month showed important temporal variations at all the study sites (Fig. 1) . In general, the highest levels of drift kelp arrival were observed during late spring, early summer and part of the autumn, while the lowest levels occurred during winter and early spring. In PTp the arrival of drift kelp was significantly higher in May, November and December 1996 and April 1997 than in August -September and October 1996 and February-March 1997 (F = 6.9, p < 0.05) (Fig. 1) . At PTse the arrival of drift macroalgae was significantly higher in May and December 1996, and January and April 1997, than in June, July, August-September, October and November 1996 (F = 8.0, p < 0.05) (Fig. 1) . In contrast, TNse showed no significant differences in drift kelp arrival over time, although this site presented high values in June, July and November 1996 and April 1997 (Fig. 1) . In tidepools the temporal pattern of drift kelp arrival also showed low levels during late winter and early spring, and high levels during summer and autumn (see 'Total' in Fig. 2) .
The Tetrapygus niger individuals were able to retain 32% of the total biomass of algae initially placed in tidepools. This percentage was close to 82% when the biomass of algae initially placed in tidepools and remaining there throughout the experiment was considered (45% of the initial biomass remained in tidepools during the experiment).
The availability of drift kelp was higher than the daily consumption rate per individual Tetrapygus niger. In general, the DKA was not enough to feed sea urchin populations during late winter and early spring (i.e. September and October 1997) and sufficient to feed sea urchin populations during a large part of the summer and autumn (i.e. December 1997, February and April 1998). The DKA was permanently insufficient to feed sea urchin populations in 2 tidepools where the arrival of drift kelp was <1 g m -2 or zero (LC 1 and LC 4 ) during the whole study.
Consumption of drift kelp by sea urchins and effects on gonad development
Kelp (Lessonia spp.) was the main food item in the natural diet of intertidal Tetrapygus niger individuals. Its relative abundance in the diet of this species was 68%, varying from 20 to 92% in the different tidepools (Table 1) . Second in importance was the green alga Ulva spp., with a relative abundance of 10% (Table 1) . Other items with relatively high percentages were the green algae Enteromorpha spp. and Ulothrix sp. (5.5 and 5.8% respectively) and calcareous crustose algae (2.5%) ( Table 1 ). The diet of intertidal sea urchins collected from PTse, however, showed a clear predominance of calcareous crustose algae, with a relative abundance of 44%, followed by the kelp Lessonia spp. and the green alga Ulva spp., with values of 13 and 11% respectively ( Table 1) .
The nitrogen and carbon stable isotope values of different species of algae collected from tidepools at Las Cruces and the low intertidal zone of PTse are shown in Fig. 3a . In LC 3 , the carbon assimilated by Tetrapygus niger was almost exclusively derived from kelp, mainly Lessonia nigrescens (Fig. 3b) . In contrast, the carbon assimilated by sea urchins in the tidepool LC 1 was almost exclusively derived from Ulva spp. and Enteromorpha spp. (Fig. 3b) . In the tidepool ET 1 , the carbon assimilated by T. niger was totally derived from the kelp L. nigrescens (Fig. 3c) . Finally, the carbon assimilated by intertidal sea urchins at PTse was probably derived from calcareous crustose algae and green algae (Fig. 3b) . In all the above cases, the nitrogen assimilated was apparently derived from a combination of different sources (Fig. 3) .
ANCOVA showed that the wet weight of gonads was significantly higher in sea urchins from tidepools exposed to a high drift kelp availability than in those from tidepools exposed to a low availability (F 1, 56 = 4.79, p < 0.05) (Fig. 4) . This difference was particularly evident for individuals > 50 mm TD (Fig. 4) . The importance of kelp availability in the development of gonadal tissue was corroborated when the sea urchins from tidepools were compared to those from PTse (a site with a low drift kelp arrival and a sea urchin population with a diet mainly based on calcareous crustose . The ANCOVA showed that the wet weight of gonads was significantly lower in sea urchins from PTse than in individuals from tidepools exposed to some level of drift kelp availability (F 2, 82 = 22.02, p < 0.001) (Fig. 4) .
DISCUSSION
Arrival patterns of drift kelp and availability to sea urchins
Drift kelp was constantly arriving on the intertidal zone of the central Chilean coast during this study. However, a high inter-and intra-site variability was observed in the arrival pattern. Gerard (1976) showed that substratum and topography had a large influence in the distribution pattern of drift Macrocystis pyrifera in California, i.e. large numbers of fronds were observed in areas where the water movement was slow or where physical barriers prevented the movement of algae. Vetter & Dayton (1999) showed that submarine canyons could accumulate large quantities of food in aggregated form (as pieces or entire plants of drift algae and surfgrass) on the deep-sea floor by acting as conduits for marine macrophyte production from the intertidal and shallow subtidal zone. It is likely that hydrographic (e.g. wave action) and topographic (e.g. substratum heterogeneity) factors, as well as the presence or absence of a subtidal kelp forest, play an important role in determining the variability of algae on the central Chilean coast. PTp for example, the site in this study that was characterized by a subtidal kelp forest and calm waters for most of the year, showed the highest level of drift kelp arrival. In contrast, the site without a subtidal kelp forest but with intense wave action for most of the year (PTse), showed the lowest level of drift kelp arrival. TNse, the site characterized by a subtidal kelp forest and intense wave action (similar to PTse), showed intermediate levels of drift kelp arrival. The role of wave action, topography and the presence or absence of a subtidal kelp forest in determining drift kelp arrival patterns in intertidal zones will require further studies. (n = 6) (n = 9) (n = 5) (n = 20) (n = 6) (n = 6) (n = 58) (n = 22) The arrival of drift kelp showed important temporal variations. In general, the highest levels of arrival were observed during late spring, early summer and a large part of the autumn, while the lowest levels occurred during winter and early spring. This temporal pattern was constant in space (localities: Punta de Tralca and El Tabo, or environments: rocky substratum and tidepools) and time (years: 1996-1997 and 1997-1998 for rocky substratum and tidepools respectively). Gerard (1976) showed that water movement was an important factor in explaining the temporal pattern of drift kelp arrival inside a Macrocystis pyrifera forest in California. The author observed that during calm periods (e.g. summer) the accumulation of algal material was high inside the forest reaching a maximum level during early autumn. However, the first storms decreased the algal accumulation inside the forest during late autumn and winter. It is likely that the intensity of water movement also plays an important role in determining the temporal variability of drift material on the central Chilean coast. For example, the low drift kelp accumulation during the winter in all sites could be explained by the high frequency of storms associated with this season (i.e. offshore drift).
Tetrapygus niger individuals were efficient in retaining under their bodies or among their spines the drift kelp fronds deposited in tidepools. Previous studies have considered this species unable to use drift algae as an important food item (Vásquez 1986 , Contreras & Castilla 1987 , although this could be partly overcome by aggregation, i.e. formation of highdensity groups in zones with strong bottom currents (Vásquez & Buschmann 1997 ). If we consider that in these studies hydrodynamics were high (in contrast to the low hydrodynamics of tidepools), it seems reasonable to suggest an important role of wave action in the utilization (capture and consumption) of drift kelp by T. niger. The relationship between hydrodynamics and food availability is supported by Lawrence et al. (1996) , who found that guts of subtidal T. niger from a semi-exposed bay and a protected site were full of food, while those of individuals from a very exposed site were empty with few exceptions (all sites had a similar algal composition on the rocky bottom). The ability of T. niger to retain drift kelp underscores the need to re-evaluate the importance of this resource (see below). The role of hydrodynamics in the utilization of drift food should be considered in future studies. For most of the year, drift algae were available in sufficient quantities to supply all the sea urchins' food (but see LC 1 and LC 4 ). The exception occurred during late winter and early spring, i.e. July-October, when drift kelp decreased. These temporal changes in drift kelp availability could generate seasonal changes in the diet of sea urchins, i.e. a decrease in drift kelp consumption and an increase in the consumption of benthic algae during late winter and early spring. This aspect should also be considered in future studies.
Consumption of drift kelp by sea urchins and effects on gonad development
Drift kelp represents an important food resource for a number of marine invertebrate species throughout the world (Gerard 1976 , Harrold & Reed 1985 , Tutschulte & Connell 1988 , Kim 1992 , Bustamante et al. 1995 . On the central Chilean coast, the use of this resource has been traditionally associated only with the sea urchin Loxechinus albus, which has the morphological structures necessary to capture this kind of food (Contreras & Castilla 1987) . However, the dietary and stable isotope analyses presented here show that drift kelp is the main food item of intertidal individuals of Tetrapygus niger. Nearly 70% of food found in the stomach contents of intertidal T. niger individuals was the kelp Lessonia sp., followed by green algae (mainly Ulva spp., Enteromorpha spp. and Ulothrix sp.) and calcareous crustose algae with values ca. 22 and 3% respectively. The stable isotope analysis showed that a large part of the carbon assimilated by sea urchins of tidepools with high drift kelp Lessonia spp. arrival (LC 2 , LC 3 and ET 1 ) was derived from this source. In tidepools or sites where the arrival of drift kelp was low or zero, e.g. LC 1 and PTse, this resource was poorly used. In these cases, the sea urchins appeared to use and assimilate the most conspicuous algae of each habitat: green algae (Ulva spp. and Enteromorpha spp.) in the case of the tidepool LC 1 and calcareous crustose algae in PTse (Table 1, Fig. 3 ).
It is well known that echinoids present a wide spectrum of phenotypic responses to environmental changes, especially to those which affect food availability. For example, in several sea urchin species the size of the Aristotle's lantern with respect to the body size changes in response to different levels of food availability (Ebert 1980 , Black et al. 1984 , Edwards & Ebert 1991 . Some studies have also suggested that some sea urchin species decrease in size in response to limited food resources (Levitan 1989 (Levitan , 1991 and that the development of gonadal tissue is limited by the amount and quality of food (Pearse 1981 , Keats et al. 1984 , RogersBennett et al. 1995 , Russell 1998 ). This study did not find a relationship between drift food availability and the size of sea urchins. A lack of plasticity of the body form and spines as well as the Aristotle's lantern in relation to hydrodynamics and food availability has been previously described for Tetrapygus niger (Lawrence et al. 1996) : this lack of plasticity could be related to the species' life-history strategy. Ebert (1988) suggested that life-history strategies are involved in the allometry, design and constraints of body components and of shape in echinoids. However, one would anticipate plasticity to be minimal in echinoid species with a stress-tolerant strategy (Lawrence 1990) , which seems to be so in the case of T. niger (Lawrence et al. 1996) . In this study a positive correlation was observed between the level of drift kelp in tidepools and the gonad size of T. niger individuals. This makes sense if we consider that sea urchins feeding on macroalgae show a higher gonad development than individuals feeding on crustose algae (see Keats et al. 1984) , and that the gonad index of T. niger increases from summer to early autumn (Zamora & Stotz 1993) , which are the seasons of high drift kelp availability in central Chile (Figs. 1 & 2) . Moreover, the drift kelp availability in tidepools decreased from July to October, which are the months when T. niger reaches the peak of gonad maturity and spawning starts (Zamora & Stotz 1993) . The small gonad size of individuals in tidepools with low drift kelp availability (particularly individuals >50 mm), confirms that the maintenance of a large body size limits the energy available for reproduction when food resources are scarce (McShane & Anderson 1997) .
It is likely that a decrease in the energy for reproduction has important consequences for closed populations of Tetrapygus niger. For example, the larval settlement and recruitment could be affected, producing a decrease in the population size or even local extinction. A population decrease in this species could modify the community structure of tidepools, e.g. changes in cover and diversity of benthic algae adhered to rocks (see Scenario B in Fig. 5 ). This aspect should be considered in future studies. Kim (1992) demonstrated that the body size of a tubicolous polychaete was positively affected by the availability of drift kelp on the coast of California. The author postulated that the presence of large individuals could attract more and new predators or restrict the presence of large infaunic organisms, affecting the whole community. Bustamante et al. (1995) found a positive correlation between the presence of subtidal drift kelp and the biomass of limpets on the rocky intertidal coast of South Africa. The authors proposed that the high density of limpets could decrease the abundance and diversity of macroalgae, increase the cover of encrusting crustose algae and decrease the space occupied by filters-feeders, affecting thus the structure and function of the intertidal community. Vetter & Dayton (1999) observed that large accumulations of drift algae in submarine canyons were associated with higher densities of megafaunal invertebrates and fishes. It is likely that the drift kelp arrival on the intertidal zone and the consumption of this resource by Tetrapygus niger individuals also have important consequences at the community level on the central Chilean coast. For example, the consumption of drift kelp could increase the abundance and taxonomic richness of other macroalgal species and decrease the cover of calcareous crustose algae in tidepools (see Andrew & Underwood 1993 and Wootton 1995 for other sea urchin species). This could generate community patterns similar to those determined by low recruitment rates of juvenile sea urchins (Watanabe & Harrold 1991) or high mortality levels of adult individuals (Ebeling et al. 1985 , Jones et al. 1985 ; see Scenario B in Fig. 5) . Thus, the availability of drift kelp to other grazers (e.g. herbivorous fishes) could increase in these environments, which could relax herbivore competition and allow their coexistence in tidepools (see Scenario B in Fig. 5 ). In contrast, the temporal absence of drift kelp could generate an important shift in the source from which the assimilated carbon is obtained, from kelp to green algae or to calcareous crustose algae. Here, it could be possible to see a different community pattern: low cover and taxonomic richness of benthic algae (probably a high cover of calcareous crustose algae), low availability of this resource to other grazers and an increase in herbivore competition (it could also prevent the coexistence of some of them) (see Scenario A in Fig. 5 ).
Trophic resources coming from border habitats are frequently found in marine communities. However, the consequences that the arrival and consumption of this kind of resource can have at population and/or community level are still poorly known. This study throws light on the importance of trophic subsidies in the feeding of intertidal species and their ecological consequences at different levels of biological organization in temperate environments. It also proposes 2 alternative theoretical community scenarios to be found in tidepools depending on the availability of drift resources. More extensive field studies will be necessary to confirm or refute some of these hypotheses. 
